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Polymer bubbles can be used for green mass-production of environmental friendly
nanofiberswithlessenergyconsumptionthananyotherclassicalmethods.Amodi-
fied Young-Laplace equation is derived considering the effect of humidity. The pa-
perconcludesthatthehumidityisaneffectiveparameterincontrollingthespinning
process.
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Introduction
The electrospinability of classical electrospinning [1-3] mainly depends on solu-
tion properties, e. g. the viscosity, which affects nanofiber morphology, size and its me-
chanical characters. Nevertheless, that of bubble-electrospinning [4-6] lies geometrically
on sizes of produced bubbles, which avoid using a very high voltage, so the bubble elec-
trospinning is the best candidate in the green production of nanofibers in the present time.
Torevealthis,webeginwiththeYoung-Laplaceequation,whichdescribesthesurfaceten-
sion s of a bubble [7, 8]:
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whereristheradiusofabubble andPiandPoaretheairpressuresinsideandoutside thebubble,
respectively.
It is interesting to note that the tension depends upon its size and pressure difference,
thelatercanbesuitablyadjustedusingmoistairandtemperatureaccordingtothestateequation.
Effect of humidity on the surface tension of a bubble
Accordingtothestateequationofmoistair[9],thegasesinsideandoutsideofthebub-
ble satisfy, the following relationships Pi/ri = Rd(1 + 0.61 qi)Ti and Po/ro = Rd(1 + 0.61qo)To,
where Rd is the dry air constant, T – the temperature, r – the density, q – the specific humidity,
defined as q = mn/(md + mv), where mn and md are the mass of water vapor and dry air, respec-
tively. The subscripts i and o mean the inner and outer of the bubble, respectively (fig. 1).
By a simple derivation, we obtain a modified Young-Laplace equation, which is:
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* Corresponding author; e-mail: liufujuan@suda.edu.cnEquation (2) implies obviously that the surface
tension isproportional toinnermoist,whileitisin-
verse to the outer moist. In order to reduce the sur-
face tension, gas pump generates dry air inside the
bubble, meanwhile, humidification is done around
the bubble (fig. 1). However, too high humidity is
not conducive to the spinning based on real experi-
ment. Therefore, a suitable choice of qi and qo can
reach a minimum of the surface tension, which is
very necessary and beneficial to the spinning pro-
cess by losing much less energy for overcoming
the surface tension. This property can be used for
green fabrication of nanofibers.
Conclusions
As a result, surface tension reduces sig-
nificantly byadjusting humidityinside and outside
of the bubble, which is beneficial to energy saving
and the green fabrication of ultrafine fibers.
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Figure 1. The set-up of bubble
electrospinning